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SUMMARY 


1 

i 

I  Science  and  Engineering  Associates,  Inc.  (SEA)  has  performed  the 

following  tasks  during  this  effort. 

I 

I 

I  SEA  purchased  hardware  and  licensed  software  needed  to  implement  DNA 

I  ALFGEE  models  and  algorithms  at  Field  Command  DNA  os  specified  in  Tasks  2 

through  5.  The  hardware  and  software  were  identified  in  Section  3  of  this 
report.  The  hardware  and  software  was  tested  at  SEA  during  the  warranty 
periods  and  the  hardware's  and  software's  integrity  were  shown  to  be  in 
working  order,  with  one  exception,  which  was  discovered  after  the  warranty 
period  had  lapsed.  One  of  the  disks  developed  intermittent  write  errors  that 
can  sometimes  erase  the  directory.  SEA  has  purchased  a  replacement  disk  drive 
and  has  had  the  other  repaired.  The  repaired  unit  is  intended  to  be  used  as  a 
spare. 


SEA  implemented  DNA  ALFGEE  algorithms  and  models  on  the  hardware 
purchased  in  Task  I  above  for  the  language  and  operating  system  licensed  in 
Task  I  above  and  described  in  Section  3.  The  resultant  implementation 
calculates  the  received  thermal  radiation  from  an  ensemble  (no  more  than  50) 
of  DNA  AI-LOX  TRS  nozzles,  that  ore  vertically  oriented  as  currently  used  at 
the  DNA  temporary  site  at  Kirtlond  AFB,  New  Mexico. 

SEA  revised  the  implementation  of  the  DNA  ALFGEE  algorithms  and 
models  developed  in  Task  2  above  to  include  an  option  for  use  of  English  units 
(feet)  when  specifying  nozzle  or  detector  locations.  Flux  and  other  variables 
were  not  affected  by  this  change. 

Acceptance  tests  were  selected  by  SEA,  with  DNA  approval,  and  were 
run  at  SEA  before  Task  5  was  Initiated.  The  implementation  performed  as 
intended. 


SEA  installed  the  implementation  of  the  DNA  ALFGEE  algorithms  and 


models  developed  in  Task  3  above  at  Field  Command  DNA  and  trained  the  TRS 
Technical  Director  of  FCDNA  how  to  use  the  implementation  developed  in  Tasks  2 
and  3  above.  Acceptance  by  Field  Command  of  the  FC-TEE  occurred  within  two 
days  of  installation.  Replication  of  results  in  Task  4  constituted 
acceptance.  SEA  also  installed  a  second  system  at  Headquarters,  DNA. 


SEA  annotated  a  listing  of  the  source  code,  that  describes  all  the 
algorithms  and  models  relevant  to  representing  the  thermal  radiated 
environment  from  the  DNA  AI-LOX  TRS,  used  to  effect  the  Implementation 
developed  in  Tasks  2  and  3  above.  This  annotated  listing  was  provided  to  DNA 
Headquarters  and  Field  Command  DNA,  and  has  been  included  as  Section  6  of  this 
report. 


PREFACE 


This  effort  was  performed  by  Science  and  Engineering  Associates,  Inc. 
(SEA)  for  Defense  Nuclear  Agency  (DNA)  under  DNA  Contract  Number  001-83-C- 
0257.  The  SEA  principal  investigator  was  Mr.  Burton  S.  Chambers  III.  The  DNA 
Contracting  Technical  Manager  (CTM)  was  LTC  Robert  Flory,  USA.  The  work 
involved  implementing  computer  models  and  algorithms  on  two  machines  purchased 
by  SEA  for  the  government.  These  machines  were  delivered  to  Capt.  Edward 
Raska,  USAF  of  Field  Command,  DNA  (FCDNA)  and  LTC  Robert  Flory  at 
Headquarters,  DNA. 

The  delivered  implementations  were  for  the  Apple  Pascal  Operating 
System,  Version  l.l  on  the  Apple  ll«-  Other  software  was  purchased  for  the 
government.  The  software  delivered  under  this  effort  is  not  generally 
available,  and  may  only  be  used  on  the  two  machines  delivered  under  this 
effort. 
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SECTION  I 


y  INTRODUCTION 

\ 

\ 

.  Defense  Nuclear  Agency  (DNA)  has  been  supporting  efforts  for  the  past 
seven  years  whereby  thermal  radiation  from  nuclear  weapons  can  be  simuloted. 
These  efforts  have  produced  both  large  area  thermal  simulators  with  moderate 
fidelity  and  high  fidelity  smaller  laboratory  ones.  DNA  has  also  been 
supporting  the  development  of  models  and  algorithms,  that  are  designed  to  be 
used  to  estimate  the  radiated  environments  from  these  simulators,  for  the  past 
five  years.  -#•/' 

l-l  HISTORY  OF  DNA  THERMAL  RADIATION  SIMULATORS  (TRS). 

The  first  significant  large  area  irradiation  system  was  the  so-called 
bag  system  developed  by  Science  Applications,  Inc.  (SAI)  under  contract  to 
DNA.  The  bag  system  consisted  of  an  ensemble  of  mylar  bags,  each  a 
hemispherically  capped  cylinder  about  6  meters  high  and  1.5  meters  in 
diameter.  Each  bag  was  filled  with  gaseous  oxygen  Into  which  was  sprayed 
aluminum  powder  and  then  ignited.  That  system  was  fielded  during  the  late 
seventies  at  a  temporary  site  used  by  DNA  at  Kirtland  AFB  where  various 
targets  of  military  significance  were  exposed  to  thermal-only  environments. 
These  tests  allowed  a  qualitative  look  at  the  effects  induced  from  large  area 
irradiation  of  large  targets.  Effects  such  as  panel  buckling  were  observed 
that  were  never  seen  on  smaller  coupon  size  samples.  The  data  from  these 
types  of  tests  are  extremely  useful  for  validating  large  complex  structural 
analysis  computer  models  and  tools.  Eventually,  one  ensemble  of  these  TRS 
bogs  was  fielded  on  a  DNA  high  explosive  (HE)  event,  MISERS  BLUFF. 

A  significant  advancement  In  simulators  was  achieved  when  DNA  had  SAI 
develop  the  Al-LOX  TRS  flame  system.  This  system  successfully  avoids  the 
undesirable  features  of  the  earlier  bag  systems.  Four  ensembles  of  the  flame 
simulators  were  fielded  on  HE  event,  MILL  RACE.  Each  ensemble  consisted  of 


either  four  or  eight  nozzles  regulorily  spaced  at  3.5,  7,  or  10.5  feet  apart. 
Each  nozzle  rapidly  mixes  aluminum  powder  (fluidized  in  a  nitrogen  bed)  with 
liquid  oxygen.  This  mixture  is  sprayed  upward  into  the  air  and  is  ignited 
with  a  propane  burner  placed  just  above  the  nozzle.  This  produces  a  bright 
flame,  which  can  burn  until  the  materials  being  injected  are  exhausted.  Due 
to  the  time  taken  for  the  burning  of  the  aluminum  particles,  and  the  initial 
momentum  associated  with  the  spray,  os  well  os  buoyancy  forces,  the  flame  from 
each  nozzle  typically  reaches  a  significant  height  of  three  to  eight  meters. 
The  radiating  part  of  each  flame  appears  os  on  inverted  cone  of  height  about 
4.4  meters  and  diameter  of  2.7  meters  at  the  cone's  "base".  Arranging  the 
nozzles  equally  spaced  along  a  line  parollel  to  the  ground  can  literally 
generate  a  wall  of  flame. 

Another,  equally  important,  advancement  in  simulators  was  achieved 
when  DNA  had  SAI  design  and  build  the  Phase-1  Flashlamp  Thermal  Radiation 
Simulator  (FTS-I),  which  has  been  completed.  The  Phase  l-system  readily 
achieved  its  design  goals.  The  Phase  ll-system  is  presently  undergoing 

checkout. 

1-2  USE  OF  MODELS  AND  ALGORITHMS  FOR  AL-LOX  TRS. 

The  models  and  algorithms  describing  the  radiated  environment  from 
AI-LOX  TRS  have  been  well  exercised.  So  much  so,  in  fact,  that  when 

predictions  are  needed  to  position  targets  and  flux  calorimeters.  Field 
Command,  DNA  (FCDNA)  has  frequently  interpolated  (and  sometimes  extrapolated) 
to  other  conditions  based  on  existing  calculations. 

Although  the  TRS  models  developed  for  DNA  thus  far  do  a  reasonably 
good  job  In  replicating  the  data  taken  in  the  field  for  the  conditions  close 
to  those  upon  which  the  models  were  based,  the  practice  of  interpolating  on 
results  only  adds  additional  uncertainty.  Since  the  models  accurately  predict 

the  environments,  which  should  not  be  surprising  since  the  model  parameters 
are  determined  by  calibration  to  the  data,  they  should  be  used  for  all 

predictions.  However,  it  has  sometimes  been  inconvenient  for  FCDNA  to  have 


SEA  do  these  calculations. 


Therefore,  it  was  decided  to  implement  the  models  and  algorithms  at 
FCDNA  on  a  particular  microcomputer,  thus  providing  FCDNA  with  its  own 
capability  for  directly  performing  these  calculations. 
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SECTION  2 


BACKGROUND 

\ 

This  section  presents  a  Very  brief  description  of  the  models  used  for 
DNA  TRS  thermal  environment  estim^^n.  A  more  complete  description  can  be 
found  in  Section  5.  For  convenience,  all  of  the  various  models  and  algorithms 
discussed  here  and  used  to  predict  the  thermal  environments,  are  called 
ALFGEE,  on  ocroymn  for  Aluminum-LOX  Field  Generated  Environment  Estimator. 
Basically,  these  models  are  reasonably  simple  numerical  simulations  of  each 
flame.  They  are  used  to  calculate  the  radiance  at  desired  positions  in  the 
field  at  on  imaginary  detector  oriented  In  some  specified  direction.  ^ 
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INTRODUCTION  TO  ALFGEE. 


The  ALFGEE  models  and  algorithms  have  been  implemented  os  a  computer  i 

program  for  FCDNA,  which  is  called  the  Field  Command  Thermal  Environment 
Estimator  (FC-TEE).  This  program  computes  the  expected  radiance  at  a  field 
point  placed  in  front  of  a  set  of  TRS  flames. 

FC-TEE  Is  based  on  a  program  written  by  a  SEA  staff  member  on  another 
microcomputer.  The  original  program  has  historically  been  used  to  obtain 
predictions  for  TRS  sources  that  ore  usually  spaced  regularily  on  the  ground. 

In  both  versions,  the  analyst  interactively  specifies  the  positions  of  each 
TRS  nozzle  and  each  field  point  at  which  the  desired  environment  is  to  be 
calculated.  The  calculations,  or  predictions,  can  be  printed  or  written  to  a 
file  for  subsequent  processing. 

The  ALFGEE  models  can  be  used  to  determine  model  parameters  by 
comparing  with  experimental  data.  Usually,  only  a  subset  of  the  existing  data 
base  is  chosen  for  comparison.  Some  measurements  are  excluded  because  the  data 
are  known  to  be  suspect,  for  example,  those  mode  with  defective  calorimeters. 

Others  are  excluded  because  they  aren't  representative.  For  example,  when  the 
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aluminum  and  LOX  flow  rates  are  set  to  be  much  different  than  the  standard 
practice. 

The  approach  to  setting  model  parameters  is  to  choose  ones  that 
identically  yield  a  zero  residual  sum  when  the  data  base  is  compared  with 
predictions  based  on  the  chosen  parameter  set.  Each  set  of  parameters  that 
satisfy  this  condition  defines  o  candidate  model.  The  sum  of  the  variances 
for  each  of  these  different  candidate  models  are  then  compared.  The  candidate 
model  with  the  lowest  variance  sum  is  considered  the  best  model  for  the 
selected  data  base.  However,  it  is  wise  to  inspect  individual  comparisons  to 
be  sure  differences  are  random  in  nature,  rather  than  biased.  This  approach 
has  been  found  to  be  a  satisfactory  procedure  for  determining  model 
parameters. 

The  FC-TEE  implementation  of  ALFGEE  is  based  on  model  Improvements 
made  until  April  1983.  This  version  more  accurately  estimates  the  radiated 
environment  from  those  DMA  AI-LOX  TRS  units  built  and  fielded  on  MISTY  CASTLE, 
Event  MILL  RACE,  than  any  other  earlier  model  version.  The  most  significant 
Improvement  consisted  of  treating  each  flame  as  on  inverted  cone,  rather  than 
os  a  right  cylinder.  Account  of  flame  obscuration  was  done  In  a  manner 
similar  to  the  approach  taken  for  the  cylindrical  representation.  An 
additional  improvement  was  the  account  of  the  change  in  view  angle  for  the 
obscured  flames.  Finally,  this  version  was  calibrated.  Available  data,  taken 
prior,  during  and  subsequent  to  MILL  RACE,  was  exercised  with  the  newly 
developed  model  and  compared  with  the  experimentally  measured  values. 

The  time  necessary  to  perform  calculations  with  the  new  models  has 
substantially  increased  over  what  used  to  be  the  case.  However,  use  of  a 
dedicated  processor  mitigates  most  problems  associated  with  slower 
responsiveness.  In  addition,  a  feature  has  been  added  that  allows  the  user  to 
avoid  the  obscuration  calculation.  This  enables  must  faster  calculations  but 
sometimes  at  the  expense  of  accuracy. 
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ALFGEE  DATA  BASES. 


Various  data  bases  have  been  developed  from  the  experimental 
measurements  recorded  during  the  past  two  years  of  TRS  firings.  Each  data  base 
represents  a  subset  of  all  available  TRS  data  and  potentially  can  be  used  to 
calibrate  any  ALFGEE  model.  Depending  upon  the  success  achieved  in  replicating 
the  experimental  data,  some  of  these  various  data  bases  can  provide  an 
indication  of  the  overall  variability  during  the  actual  experiments.  Whether 
the  variations  are  caused  by  experimental  error  or  instead  by  shot-to-shot 
variations  is  not  easily  deduced  from  such  an  exercise. 

Each  data  base  has  been  chosen  as  a  statistically  meaningful 
collection  representing  either:  (I)  a  particular  type  of  event,  such  os  all 
multi-nozzle  events  where  the  nozzles  are  separated  by  7  feet,  or  (2)  a  subset 
of  the  3.5  feet  separation  data  base,  where  certain  suspicious  measurements 
hove  been  removed.  The  entire  3.5  feet  data  base  also  exists  to  document  what 
had  been  excluded  in  the  ather  subsets.  The  nfH>st  suspicious  data  were  removed 
from  earlier  events  in  an  attempt  to  avoid  skewing  the  data  with  experiments 
performed  with  different  reagent  flow  rates. 


SECTION  3 


USE  OF  THE  IA4PLEMENTATION 

The  microcomputer,  which  was  installed  at  FCDNA,  its  software,  and 
the  SEA  implementation  of  the  DNA  algorithms  and  models  describing  AI-LOX  TRS 
radiated  thermal  environments  is  referred  to  as  FC-TEE. 

SEA  chose  the  Apple  Me  (Apple  is  a  registered  trademark  of  Apple 
Computer,  Inc.)  as  the  main  component  in  the  FC-TEE  hardware.  The  selection 
criteria  ore  listed  in  Section  3-1.  SEA  installed  the  FC-TEE  hardware  listed 
in  Section  3-2.  The  FC-TEE  software  is  indicated  in  Section  3-3. 


3-1  SELECTION  CRITERIA  FOR  THE  FC-TEE  SYSTEM. 

The  following  selection  criteria  were  adopted  to  choose  the  Apple 
Me. 

a.  The  microcomputer  should  have  a  minimum  of  64K  bytes,  where  K  is 
defined  as  1,024. 

b.  The  operating  system  should  be  equivalent  to  that  known  as  Apple 
Pascal  l.l,  which  is  a  derivative  of  the  University  of  California  San 
Diego  (UCSD)  Pascal  Version  ii.l. 

c.  The  high  level  language  should  have  identical  implementation  features 
to  Apple  Pascal  l.l. 

d.  The  microcomputer  should  support  an  80  column  screen  format  to  allow 
efficient  program  modification. 


e.  The  microcomputer  should  be  able  to  run  the  Apple  Business  Graphics 
program,  which  will  allow  Field  Command  to  generate  plots  of  the 
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f.  The  hardware  should  include  a  printer  with  graphics  capabiiity  with 
an  interface  that  will  work  with  Apple  Business  Graphics  with  no 
additional  programming  necessary. 

g.  The  microcomputer  couid  directly  read  the  diskettes  containing  the 
source  image  of  the  Apple  II  Plus  implementation  available  to  the 
SEA  principal  investigator.  The  format  is  Apple  Pascal  TEXT  file. 

h.  The  entire  system  could  run  with  minor  modification  the  Apple  II  Plus 
implementation  available  to  the  proposed  principal  investigator. 


3-2  CONFIGURATION  OF  THE  FC-TEE  HARDWARE. 

The  FC-TEE  hardware  was  configured  by  SEA  with  the  following 
components  and  the  indicated  slot  allocation. 


Quantity  Item  (Model) 


Manufacturer  Slot  No. 


I  Apple  II  e  Apple  Computer  N/A 

(with  Revision  B  or  later  motherboard, 
Revision  A  motherboard  is  NOT  acceptable) 


I  Apple  Disk  II 
(with  controller) 

I  Apple  Disk  II 

I  FX-80  Printer 


Apple  Computer  6 


Apple  Computer  6 


Epson  America  N/A 


I  Grappler-*-  Printer  Orange  Micro  I 

Interface  or 
equivalent 


I  Apple  Extended  Apple  Computer  Aux 
80-Column  Text  Cord 
(includes  64K  memory) 

3-3  SOFTWARE  TO  RUN  FC-TEE. 

The  FC-TEE  software  has  been  purchased  or  leased  by  SEA  for  the 
government  and  includes  the  following. 

a.  Apple  Pascal  l.l.  This  includes  the  Operating  System,  on  Editor,  a 
Filer,  a  Compiler  for  Apple  Pascal,  a  Linker,  a  disk  Formotter,  and  a 
run-time  Library  containing  the  following  necessary  code  to  be  able 
to  run  the  implementation:  transcendental  functions,  Pascal  I/O 
routines,  keyboard  sensing  routine.  This  system  was  purchased  by  SEA 
for  the  government.  The  license  to  use  same  should  be  executed  when 
the  system  is  received,  but  before  use, 

b.  Apple  Business  Graphics.  This  includes  routines  that  allow 
generation  of  graphics  from  data  contained  in  Apple  Pascal  TEXT 
files,  or  specified  at  the  keyboard.  This  program  was  purchased  by 
SEA  for  the  government.  The  license  to  use  same  should  be  executed 
when  the  system  is  received,  but  before  use. 

c.  Real  Number  I/O  Routines.  These  include  routines  for  allowing  user 
input  of  data  without  possibility  of  run-time  errors  associated  with 
keystroke  mistakes,  and  for  trapping  all  mathematical  errors  that 
would  cause  run-time  errors,  e.g.  arithematic  underflow.  All  data 
are  input  through  these  routines  in  the  current  implementation.  These 
routines  were  licensed  by  SEA  and  may  not  be  further  distributed. 
They  have  been  incorporated  in  the  package. 


3-4 


SEA-PROVIDED  IMPLEMENTATION. 


The  algorithms  and  models  developed. by  SEA  were  implemented  in 
executable  form  for  FC-TEE  under  the  UCSD  Pascal  (trademark  of  the  University 
of  California  Regents)  operating  system.  Version  II. I,  Subset:  Apple  Pascal  (a 
registered  trademark  of  Apple  Computer,  Inc.)  Version  l.l  released  in  late 
1980  (hereinafter  referred  to  as  the  Operating  System). 

Since  the  vendor  of  the  Operating  System  requires  an  end-user  license 
(with  a  one-time  fee  at  purchase  time)  to  be  executed  for  use  on  each 
microcomputer-owner  combination  (or  so  it  appears),  SEA  purchased  two  copies 
of  the  Operating  System  specifically  for  use  only  with  the  FC-TEE  machine  by 
the  FCDNA  TRS  Technicai  Director  and  his  counterpart  at  DNA.  SEA  did  not  use 
these  copies,  but  delivered  them  to  FCDNA  and  DNA  with  the  FC-TEE  systems.  SEA 
licensed  its  own  copy  of  the  Operating  System  for  its  use  during  development, 
thus  avoiding  any  potential  problems  associated  with  cross-iicensing. 


3-5  DELIVERABLES. 

SEA  delivered  the  following  items  under  this  contract: 

a.  One  microcomputer,  its  software  and  the  SEA  implementation  as 

described  above  to  DNA  Field  Command. 

b.  A  second  microcomputer,  its  software  and  the  SEA  impiementation  os 
described  above  to  Headquarters  DNA. 

c.  A  brief  Users'  Manual.  This  manual  briefly  describes  how  to  use  the 

Program  and  explains  the  format  for  all  Input  and  Output  to  the 
Program,  which  will  include  any  intermediate  TEXT  files. 

d.  A  brief  letter  final  report  with  a  brief  description  of  SEA's 

recommendation  of  how  the  hardware  configuration  of  the  FC-TEE  could 
be  enhanced,  if  this  is  appropriate. 


e.  An  annotated  listing  of  the  physics  models  and  numerical  algorithms 
used  in  the  implementation. 

Items  c,  d  and  e  have  been  combined  into  this  one  report. 

SEA  applied  its  best  efforts  in  applying  its  knowledge  to  designing 
and  implementing  the  FC-TEE.  However,  due  to  the  inherent  limitations  of 
equipment  such  as  those  purchased  for  this  effort,  SEA  shall  have  no  liability 
or  responsibility  to  DMA  or  any  other  person  or  entity  with  respect  to  any 
liability,  loss  or  damage  caused  or  alleged  to  be  caused  directly  or 
indirectly  by  the  Program,  including,  but  not  limited  to,  any  interruption  of 
service,  loss  of  business  or  anticipatory  profits  or  consequential  damages 
resulting  from  the  use  or  operation  of  this  Program. 


SECTION  4 


m 


INTERACTIVE  INPUT 

This  section  presents  the  set  of  screens,  ie.  CRT  images,  that  FC-TEE 
produces  interactively  for  the  user.  They  were  also  described  in  detail  in  a 
draft  narrated  videotape  (1/2"  VMS  format)  provided  to  DNA  and  FCDNA. 


4-1  COMMAND  FILE. 

The  command  file  that  produces  the  set  of  screens  shown  in  Section 
4-2  follows.  A  command  file  simply  contains  a  record  of  the  sequence  of 
keyboard  strokes  a  user  has  mode  when  the  command  file  was  written  and  is 
saved  by  the  operating  system  as  a  TEXT  file.  The  carriage  return  character 
(ASCII  13  in  base  10)  is  shown  below  as  a  new  line.  The  first  character, 
which  is  a  percent  symbol  in  the  example  below,  tells  the  system  what  the 
terminator  is.  The  convention  is  that  a  double  terminator  symbol  terminates 
the  executing  TEXT  file.  The  system  is  left  in  whatever  state  results  with 
the  keyboard  enabled  for  further  data. 

%xxlox/flame 

14 

BC27.4 
03 1 3y- 1 0.5 
00414.5 
00513 
210 
31 

060725m  ine 
085x3y090y%%%% 


4-2  EXAMPLE  SET  OF  SCREENS  FROM  USING  EXAMPLE  COMMAND  FILE. 

Some. similar  screens  that  result  from  executing  the  command  file  in 
Section  4-1  have  been  removed  and  the  rest  are  shown  and  described  in  this 
section.  In  any  case,  the  keystrokes  that  lead  to  the  particular  screen  are 
shown.  The  screens  shown  below  were  also  described  in  detail  in  a  draft 
narrated  videotape  (1/2”  VMS  format)  provided  to  DNA  and  FCDNA.  However,  the 
case  shown  in  the  videotape  does  not  necessarily  duplicate  the  one  shown  here. 

The  first  screen  the  user  sees  when  the  program  is  loaded  is  shown  as 
Figure  I.  The  first  line  is  a  header  showing:  the  version  of  Apple  Pascal 
(l.l),  the  title  of  this  implementation,  "FC-TEE”,  and  the  version  of  the 

implementation,  BSC(I7.8).  Next  comes  a  line  that  indicates  which  screen  is 

being  viewed.  This  particular  screen  is  the  LEVEL  i  menu,  which  is  entitled 
"GENERAL  options". 

Following  the  "level"  line  (ignoring  the  ones  with  dashes)  ore  14 
lines  (I  through  e),  each  with  an  option  number,  a  description,  and  a  value 
column.  On  this  particular  screen  only  6  lines  (lines  I,  a,  b,  c,  d,  and  e) 
contain  values. 

The  first  four  lines  (numbered  I  through  4)  are  used  to  set  data 
relevant  to  the  flames.  For  example,  selection  of  the  1st  line,  entitled 

"number  of  TRS  nozzles  in  array",  allows  you  to  specify  how  many  nozzles  you 

want;  its  initial  value  is  one.  Selection  of  one  of  the  rest  of  these  first 

four  lines,  takes  you  to  a  menu  where  you  can  change  other  TRS  flame 

parameters.  Selection  of  the  2nd  line  entitled  "TRS  nozzle  characteristics", 
for  example,  rewrites  the  screen  and  shows  options  which  can  be  used  to  set 
the  TRS  model  parameters.  Similarily,  the  3rd  line,  entitled  "TRS  nozzle 
position  selector",  takes  you  a  menu  where  you  can  set  the  nozzle  positions. 

Selection  of  the  4th  line  entitled  "TRS  nozzle  strength  selector"  allows  you 

to  modify  individual  nozzle  strengths. 

The  next  two  lines  (numbered  5  and  6)  are  used  to  set  data  relevant 
to  the  detectors.  For  example,  selection  of  the  5th  line,  entitled  "Detector 


Pascal (1.1)  FC-TEE  BSC (17.8) 

TRS:  LEVEL  1  menu:  GENERAL  options 


#  Description  Value 


1  Number  of  TRS  nozzles  in  array  1 

2  TRS  nozzle  characteristics 

3  TRS  nozzle  position  selector 

4  TRS  nozzle  strength  selector 

5  Detector  position 

6  Detector  orientation 

7  Output  format  specifications 

8  Specify  loop  order 

9  RUN  the  case 

a  (toggle)  Ignore  keypress  ?  no 
b  (toggle)  Ignore  obscuration  ?  no 
c  (toggle)  English  units  ?  no 

d  (toggle)  Use  AB  Graphics  ?  no 
e  (toggle)  Path  Input  ?  no 


Option  #:  [0  returns]  Which  one  ? 


Figure  1.  Original  Default  Screen 


position"  allows  placement  '  of  the  detectors.  The  6th  line  allows 
specification  of  the  detector's  orientation. 

The  next  two  lines  (numbered  7  and  8)  affect  where  the  results  are 
sent  and  what  order  they  are  calculated.  These  lines  are  entitled  "Output 
format  specifications",  and  "Specify  loop  order". 

The  9th  line,  entitled  "RUN  the  case",  is  selected  when  you  have 

specified  all  the  data  needed  for  the  case  you  want  calculated  and  you  are 
ready  to  have  the  calculation  performed  (RUN). 

Finally  the  last  five  lines  (numbered  a  through  e)  are  toggles. 

Selection  of  any  one  will  change  the  option  to  the  opposite  of  what  was 
originally  displayed.  All  options  have  a  default  value  of  "no".  The  first 

toggle  is  "Ignore  keypress  ?".  If  Its  value  is  no,  you  can  interrupt  a 
calculation  by  pressing  the  escape  key.  If  on  the  other  hand  you  want  the 

calculation  to  run  without  keyboard  Interruption,  you  select  option  "a",  and 

its  value  will  change  to  "YES".  Similarlly,  option  b  is  toggled  to  ignore 

obscuration,  option  c  for  English  units,  option  d  to  use  Apple  Business  (AB) 

Graphics,  and  e  for  Path  Input. 

Figure  2  shows  the  same  screen  as  Figure  I,  except  that  keystrokes 
"l,4,cr,B,C"  have  been  entered.  The  convention  for  showing  keystrokes  in  this 
section  is  to  enclose  them  with  quotes  and  separate  them  with  commas.  All 

strings  are  entered  as  a  series  of  characters.  Note  that  in  all  cases  a 

carriage  return  (or  simply  RETURN)  is  represented  by  the  two  characters  "cr". 
The  RETURN  key  is  pressed.  Since  it  generates  a  non-printing  character,  we 
artificially  represent  it  in  this  document  by  this  two  character  sequence. 

Figure  3  shows  a  new  screen  that  results  after  keystrokes  "2,7,.4,cr" 
have  been  entered.  While  this  screen  is  visible,  you  can  change  the  flame's 

model  parameters.  Each  flame  in  the  ensemble  must  be  of  the  same  type  and 

hence,  these  parameters  only  need  to  be  changed  once.  Since  the  previous 

screen  was  set  for  English  units,  the  spatial  parameters  are  given  in  feet. 


FC-TEE 


BSC (17. 8) 


GENERAL  options 


Description 


Value 


1  number  of  TRS  nozzles  in  array  4 

2  TRS  nozzle  characteristics 

3  TRS  nozzle  position  selector 

4  TRS  nozzle  strength  selector 

5  Detector  position 

6  Detector  orientation 

7  Output  format  specifications 

8  Specify  loop  order 

9  RUN  the  case 

a  (toggle)  Ignore  keypress  ?  no 
b  (toggle)  Ignore  obscuration  ?  YES 
c  (toggle)  English  units  ?  YES 

d  (toggle)  Use  AB  Graphics  ?  no 
e  (toggle)  Path  Input  ?  no 

Option  #:  [0  returns]  Which  one  ? 


Figure  2.  Screen  after  keystrokes  "l,4,cr,B,C" 
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TRS;  LEVEL  2  menu:  TRS  NOZZLE  specs 


#  Description  Value 


1  RELATIVE  STRENGTH  (-)  =  1.0000 

2  ABS. strength  (cal/sec)  =»  1.53372E7 

3  Flame  Diameter  (ft.)  =  9.00 

4  Flame  Height  (ft.)  =  14.40 

5  Hgt  of  luminosity (rel)  =  1.00 

6  Strength  @  nozzle(rel)  =  25.00 

7  Ground  albedo  (0...1)  *  0.40 


The  1st  line  is  the  standard  flame's' strength  relative  to  its 
absolute  strength.  Its  default  value  is  1.0000.  The  2nd  line  is  the  standard 
flame's  absolute  strength  and  Its  default  value  is  I.53372E7.  The  3rd  line  is 
the  standard  flame's  diameter  and  its  default  value  is  9.00.  The  4th  line  is 

flame  height  and  its  default  value  is  14.40.  The  5th  line  is  the  height  of 

luminosity  relative  to  the  flame's  height  and  Its  default  value  is  1.00.  The 
6th  line  is  the  flame's  strength  at  the  nozzle,  relative  to  a  value  of  I  at 
the  flame's  height,  and  Its  default  value  is  25.00.  The  7th  line  is  ground 

albedo  and  its  default  value  is  0.20.  In  this  case  we  have  changed  its  value 
to  0.40. 

Figure  4  results  after  keystroke  "0,3".  This  screen  is  shown  to 

allow  you  to  select  which  set  of  nozzles  contains  the  one  you  wish  to  modify. 
Since  ensembles  can  be  larger  than  con  be  contained  on  one  screen,  this  more 
general  approach  was  taken.  Figure  5  is  the  screen  generated  after  keystrokes 
''I»3,y,-I0.5,cr".  Here  you  can  change  the  coordinates  of  the  nozzles.  Each 

nozzle  is  always  oriented  upward,  along  the  z-coordinate  in  Its  positive 
direction.  The  ground,  which  is  a  reflector,  is  at  z  =  0. 

Figure  6  results  after  keystroke  "0".  Figure  7  results  after 
keystrokes  "0,4, 1 ,4,.5,cr".  While  this  latter  screen  is  visible  you  can 
change  the  strength  of  each  nozzle  relative  to  the  standard  one. 

Figure  8  results  after  keystrokes  "0,0,5".  While  this  screen 
is  visible,  you  may  change  the  locations  where  the  detector  is  placed. 
Variables  ending  in  a  zero  are  initial  positions,  those  ending  with  the 

letter  f  are  final  positions,  and  those  beginning  with  the  letter  d  are 

the  increments  (or  spacing). 

Figure  9  results  after  keystrokes  "l,3,cr"  and  shows  how  to  change 

the  initial  x  position  to  3.00.  Figure  10  shows  the  screen  after  keystrokes 
"2, 10,cr".  This  changes  the  final  x  position  to  10.00.  Figure  II  shows  the 
screen  after  keystrokes  "3, l,cr".  Note  that  this  changes  the  number  of  cases 
to  8,  since  dx  was  set  to  I  and  there  are  8  cases  between  3  ft.  and  10  ft.  of 
I  ft.  spacing. 
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TRS:  LEVEL  2  menu:  NOZZLE  lists 


t 

Description 

Value 

1 

nozzles  (  1  -  4) 

* 

Option  #:  [0  returns]  Which  one  ? 


Figure  4.  Screen  after  keystroke  "0,3". 


Pascal (1. 

1) 
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TRS:  LEVEL  3  menu 

:  TRS  NOZZLE 

locations 

#  m 

X  (ft) 

y  (ft) 

z  (ft) 

1  1 

0.00000 

-4.50000 

0.00000 

2  2 

0.00000 

4.50000 

0.00000 

3  3 

0.00000 

-10.5000 

0.00000 

4  4 

0.00000 

13.5000 

0.00000 

Option  #:  [0  returns]  Which  one  ? 


Figure  5.  Screen  after  keystrokes  "l,3,y,-10.5,cr" . 
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TRS: 

LEVEL  2  menu: 

NOZZLE  lists 

t 

Description 

Value 

1 

nozzles  {  1  - 

4)  * 

Option  #:  [0  returns]  Which  one  ? 


Figure  6.  Screen  after  keystroke  "0". 
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TRS:  LEVEL  3  menu:  TRS  NOZZLE  strengths 


» 

Mod 

Strength  {  -  ) 

1 

1 

1.00000 

2 

2 

1.00000 

3 

3 

1.00000 

4 

4 

0.50000 

Option  #:  [0  returns]  Which  one  ? 


Figure  7.  Screen  after  keystrokes  "0,4,1,4, .5,cr" . 
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TRS:  LEVEL  2:  DETECTOR  position  in  ft. 


#  Description  Value 


1  xdistO:  smallest  x  =  3.28 

2  xdistf:  greatest  x  »  3.28 

3  dx:  spacing  in  x  »  0.00 

4  ydistO:  smallest  y  =  0.00 

5  ydistf:  greatest  y  »  C.OO 

6  dy:  spacing  in  y  »  0.00 

7  zdistO:  smallest  z  »  4.92 

8  zdistf:  greatest  z  »  4.92 

9  dz:  spacing  in  z  »  0.00 

Number  of  cases  is  «  1.0 

nx:  1  ny:  1  nz:  1 

na:  1  ne:  1 


Option  #:  [0  returns]  Which  one  ? 


Figure  8.  Screen  after  keystrokes  ”0,0,5”. 


1  xdistO:  smallest  x 

2  xdlstf:  greatest  x 

3  dx:  spacing  in  x 

4  yd is to :  smallest  y 

5  ydistf:  greatest  y 

6  dy:  spacing  in  y 

7  zdistO:  smallest  z 

8  zdistf:  greatest  z 

9  dz:  spacing  in  z 

Number  of  cases  is  » 
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TRS:  LEVEL  2:  DETECTOR  position  in  ft. 


* 

Description 

Value 

1 

xdistO:  smallest  x  » 

3.00 

2 

xdistf:  greatest  x  = 

10.00 

3 

dx:  spacing  in  x  * 

0.00 

4 

ydistO:  smallest  y  = 

0.00 

5 

ydistf:  greatest  y  * 

0.00 

6 

dy:  spacing  in  y  = 

0.00 

7 

zdistO:  smallest  z  * 

4.92 

8 

zdistf:  greatest  z  » 

4.92 

9 

dz:  spacing  in  z  » 

0.00 

Number 

of  cases  is  = 

1.0 

nx: 

1  ny;  1  nz:  1 

na: 

1  ne:  1 

Option 

t:  [0  returns]  Which 

one  ? 

Figure  10.  Screen  after  keystrokes  "2,10 
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TRS:  LEVEL  2:  DETECTOR  position  in  ft 


t 

Description 

Value 

1 

xdistO:  smallest  x  » 

3.00 

2 

xdistf:  greatest  x  » 

3 

dx:  spacing  in  x  » 

1.00 

4 

yd is to :  smallest  y  * 

5 

ydistf:  greatest  y  = 

6 

dy:  spacing  in  y  = 

0.00 

7 

zdistO:  smallest  z  = 

4.92 

8 

zdistf:  greatest  z  « 

4.92 

9 

dz:  spacing  in  z  « 

Number  of  cases  is  » 

8.0 

Figure  12  shows  a  similar  screen  after  keystrokes  "0,6".  It 
corresponds  to  the  detector  orientation.  These  parameters  ore  modified  in  a 
manner  similar  to  those  shown  for  the  x  coordinate.  Note  that  both  the 
letters  a  and  t  ore  used  interchangeably  to  represent  azimuth. 

Figure  13  shows  the  screen  after  keystrokes  "0,7"  and  while  visible, 
the  user  is  allowed  to  change  the  OUTPUT  specs.  Pressing  I  makes  CONSOLE: 
receive  output.  This  is  the  volume  name  for  the  CRT  screen.  Pressing  2  makes 
PRINTER:  receive  output  if  on-line.  This  is  the  volume  name  for  the  device 
attached  to  Slot  #1  on  the  Apple.  Normally,  a  printer  is  attached  there. 
Pressing  3  makes  REMOUT:  receive  output  If  on-line.  This  Is  the  volume  name 
for  the  device  attached  to  Slot  //2  on  the  Apple.  Normally,  another  printer,  a 
plotter,  or  a  modem  is  attached  there.  Pressing  4  mokes  a  DISK  file  receive 
it.  Selection  of  this  option  will  lead  to  questions  about  which  volume  and 
filename  will  receive  the  output.  The  default  name  of  the  output  device  is 
CONSOLE:.  Pressing  5  allows  you  to  change  the  Apple  Business  Graphics  (ABG) 
prefix,  which  defaults  to  ABG. 

Figure  14  shows  the  same  screen  as  in  Figure  13  but  after  keystrokes 
"2,5,mlne,cr",  which  change  the  output  device  to  the  PRINTER:  c.id  the  ABG 
prefix  to  "mine". 

Figure  15  is  shown  after  you  press  keystrokes  "0,8".  This  screen 
shows  the  default  screen  for  setting  the  looping  order  about  detector  position 
and  orientation.  Figure  16  results  after  keystrokes  "5,x,3,y"  where  we  have 
changed  the  loop  order.  The  outer-most  loop  is  over  the  variable  that  cycles 
LEAST  rapidly  and  the  inner-most  loop  is  over  the  variable  that  cycles  MOST 
rapidly.  FC-TEE  can  only  allow  five  unique  letters  to  exist  In  this  table  , 
le.  no  two  can  be  the  same,  therefore  FC-TEE  will  not  allow  you  to  leave  this 
menu  until  this  condition  is  satisfied. 


Pascal (1.1) 


FC-TEE 


BSC(17.8) 


TRS:  LEVEL  2  menu:  DETECTOR  orientation 


« 

Description 

Value 

1 

azimuthO:  smallest 

m 

0.0 

2 

azimuth:  greatest 

0.0 

3 

da: azimuth  spacing 

0.0 

4 

elevat ionO : smallest 

5 

elevationf :greatest 

» 

6 

de: elevation  spacing 

s 

Number 

of  cases  is  « 

8.0 

nx: 

8  ny:  1  nz: 

1 

na: 

1  ne:  1 

Option  #:  [0  returns]  Which  one  ? 


Figure  12.  Screen  after  keystrokes  ”0,6 


Pascal (1.1) 


FC-TEE 


BSC (17. 8) 


TRS:  LEVEL  2  menu:  OUTPUT  specs 


#  Description  Value 


1  make  CONSOLE:  receive  output 

2  make  PRINTER:  receive  output 

3  make  REMOUT:  receive  output 

4  make  a  DISK  file  receive  it 

outdev  is  CONSOLE: 

5  Change  ABG  prefix 

AB6  prefix  is  ABG 


Option  #:  [0  returns]  Which  one  ? 

Figure  13.  Screen  after  keystrokes  "0,7". 


Pascal(l.l) 


FC~TEE 


BSC (17. 8) 


TRS;  LEVEL  2  menu:  OUTPUT  specs 


#  Description  Value 


1  make  CONSOLE:  receive  output 

2  make  PRINTER:  receive  output 

3  make  REMOUT:  receive  output 

4  make  a  DISK  file  receive  it 

outdev  is  PRINTER: 

5  Change  ABG  prefix 

ABG  prefix  is  mine 


Option  #:  [0  returns]  Which  one  ? 


Figure  14.  Screen  after  keystrokes  "2,5,minercr" . 


Pascal (1.1) 


FC-TEE 


BSC(17.8) 


Pascal (1. 1) 


FC-TEE 


BSC(17.8) 


TRS:  LEVEL  2  menu: 


LOOP  control 


1 

2 

3 

4 

5 


Description 


Value 


outermost  loop  is  over  E 
next  T 
next  Y 
next  Z 
innermost  loop  is  over  X 


x,y,z,t,e  should  each  only  be  used  once! 


Option  #:  [0  returns]  Which  one  ? 


Figure  16.  Screen  after  keystrokes  "5,x,3,y' 


% 

2 


1 

I 
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SECTION  5 


EXAMPLE  OUTPUT 

This  section  provides  some  examples  of  the  output  that  can  be 
obtained  with  FCTEE.  There  are  two  principal  formats.  The  first  is  designed 
to  be  read  by  a  person.  The  second  is  intended  to  be  read  by  the  machine, 
specifically  a  commercially  available  program,  Apple  Business  Graphics  (ABG), 
that  was  purchased  for  this  effort  and  delivered  to  FCDNA  and  DNA.  The  second 
format  consists  of  commands  to  the  ABG  program  customized  by  FC-TEE. 

5-1  FORMAT  FOR  PEOPLE. 

This  section  provides  one  FCTEE  example  of  the  outp>ut  for  people.  It 
is  normally  sent  to  a  printer.  This  example's  spatial-dimensions  are  in  feet, 
however,  the  results  can  be  produced  in  centimeters. 

Pascal(l.l)  FC-TEE  Inverted  Cone  TRS  Estimator  (NO  Obscuration)  BSC(I7.8) 


Flame;  // 

X 

Y 

Z 

T 

s 

1 

0.000 

-4.500 

0.000 

0.00 

1.00 

2 

0.000 

4.500 

0.000 

0.00 

1.00 

3 

0.000 

-13.500 

0.000 

0.00 

1.00 

4 

0.000 

13.500 

0.000 

0.00 

1.00 

Relative  Strength 

- 

1.0 

Absolute  Strength  =  I.53372E7  cal/sec 

Flame  Diameter  =  9.0  ft. 

Flame  Height  =  14.4  ft. 

Luminosity  Limit  =  1.0  (Rel  to  flame  hgt) 

"Power"  at  nozzle  =  25.0  (Rel  to  power  at  flame  hgt.) 


m 


0.0 
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0.0 


Ground  Albedo 

= 

0.2 

XDIST 

YDIST 

Height 

Azimuth 

Elevation 

Flux 

(ft.) 

(ft.) 

(ft.) 

(deg) 

(deg) 

(cal/sqcm/sec) 

3.00 

0.00 

6.00 

0.0 

0.0 

37.24 

5.00 

0.00 

6.00 

0.0 

0.0 

37.51 

7.00 

0.00 

6.00 

0.0 

0.0 

32.09 

9.00 

0.00 

6.00 

0.0 

0.0 

26.55 

3.00 

5.00 

6.00 

0.0 

0.0 

75.82 

5.00 

5.00 

6.00 

0.0 

0.0 

46.22 

7.00 

5.00 

6.00 

0.0 

0.0 

33.76 

9.00 

5.00 

6.00 

0.0 

0.0 

26.53 

3.00 

10.00 

6.00 

0.0 

0.0 

38.76 

5.00 

10.00 

6.00 

0.0 

0.0 

36.36 

7.00 

10.00 

6.00 

0.0 

0.0 

29.87 

9.00 

10.00 

6.00 

0.0 

0.0 

24.13 

3.00 

0.00 

8.00 

0.0 

0.0 

37.97 

5.00 

0.00 

8.00 

0.0 

0.0 

37.99 

7.00 

0.00 

8.00 

0.0 

0.0 

32.28 

9.00 

0.00 

8.00 

0.0 

0.0 

26.56 

3.00 

5.00 

8.00 

0.0 

0.0 

78.06 

5.00 

5.00 

8.00 

0.0 

0.0 

47.05 

7.00 

5.00 

8.00 

0.0 

0.0 

34.02 

9.00 

5.00 

8.00 

0.0 

0.0 

26.56 

3.00 

10.00 

8.00 

0.0 

0.0 

39.61 

5.00 

10.00 

8.00 

0.0 

0.0 

36.88 

7.00 

10.00 

8.00 

0.0 

0.0 

30.08 

24.15 


5-2  FORMAT  FOR  APPLE  BUSINESS  GRAPHICS. 

This  section  provides  one  FCTEE  example  of  the  output  for  ABG. 
Although,  It  con  be  read  by  people,  it  is  normally  sent  to  a  TEXT  file  for 
subsequent  use.  The  spatial  units  for  this  example  are  shown  in  feet,  and 
like  the  example  in  Section  5.1,  can  be  produced  in  centimeters. 

CO  Pascal(l.l)  FC-TEE  Inverted  Cone  TRS  Estimator  (NO  Obscuration)  BSC(I7.8) 

CO 

CO 


CO  Flame;  # 

X 

Y 

z 

T 

s 

CO  1 

0.000 

-4.500 

0.000 

0.00 

1.00 

CO  2 

0.000 

4.500 

0.000 

0.00 

1.00 

CO  3 

0.000 

-13.500 

0.000 

0.00 

1.00 

O 

u 

0.000 

13.500 

0.000 

0.00 

1.00 

CO 

CO  Relative  Strength 

3 

1.0 

CO  Absolute  Strength 

3 

I.53372E7  cal/sec 

CO  Flame  Diameter 

3 

9.0  ft. 

CO  Flame  Height 

= 

14.4  ft. 

CO  Luminosity  Limit 

3 

1.0  (Rel  to  flame  hgt) 

CO  "Power"  at  nozzle 

= 

25.0  (Rel  to 

power  at  flame  hgt.) 

CO  Ground  Albedo 

= 

0.2 

CO 

EDIT 

PREFIX  _ 

_E 

roMMENT  _  _ 

CLEAR 

*•  91  vir  1 

Ul  nCAT 

CO  ELEVATION  = 

0.0  (degrees) 

CO  THETA  =  0.0  (degrees) 

CO  ZDIST  =  6.00  (ft) 

CO  YDIST  =  0.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 


SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 
EDIT 

3.00  37.24 

5.00  37.51 

7.00  32.09 

9.00  26.55 

_E 

SAVE  ABGI 

COMMENT - start  of  next  case 

CLEAR 

CO  ELEVATION  =  0.0  (degrees) 

CO  THETA  =  0.0  (degrees) 

CO  ZDIST  =  6.00  (ft) 

CO  YDIST  =  5.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 
EDIT 

3.00  75.82 

5.00  46.22 

7.00  33.76 

9.00  26.53 


SAVE  ABG2 

COMMENT  - 

CLEAR 

CO  ELEVATION  = 
CO  THETA  = 

CO  ZDIST  = 

CO  YDIST  = 


- start  of  next  case 

0.0  (degrees) 

0.0  (degrees) 

6.00  (ft) 

10.00  (ft) 


SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 
EDIT 

3.00  38.76 

5.00  36.36 

7.00  29.87 


i 


w 


I 

I 

I 


SAVE  ABG3 

COMMENT  - 

CLEAR 

CO  ELEVATION  = 
CO  THETA  = 

CO  ZDIST  = 

CO  YDIST  = 


-  start  of  next  case 

0.0  (degrees) 

0.0  (degrees) 

8.00  (ft) 

0.00  (ft) 


SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 
EDIT 

3.00  37.97 

5.00  37.99 

7.00  32.28 

9.00  26.56 


SAVE  ABG4 

COMMENT  - 

CLEAR 

CO  ELEVATION  = 
CO  THETA  = 

CO  ZDIST  = 

CO  YDIST  = 


-  start  of  next  case 

0.0  (degrees) 

0.0  (degrees) 

8.00  (ft) 

5.00  (ft) 


SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 
EDIT 

3.00  78.06 

5.00  47.05 

7.00  34.02 


26.56 


SAVE  ABG5 

COMMENT  - 

CLEAR 


- start  of  next  case - 


CO 

ELEVATION  = 

0.0  (degrees) 

CO 

THETA  = 

0.0  (degrees) 

CO 

ZDIST  = 

8.00  (ft) 

CO 

VDIST  = 

10.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 

EDIT 

3.00  39.61 

5.00  36.88 

7.00  30.08 

9.00  24.15 

_E 

SAVE  ABG6 

COMMENT - start  of  next  case - 

CLEAR 

CO  ELEVATION  =  45.0  (degrees) 

CO  THETA  =  0.0  (degrees) 

CO  ZDIST  =  6.00  (ft) 

CO  YDIST  =  0.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 

EDIT 

3.00  33.27 

5.00  30.40 

7.00  24.86 

9.00  19.89 

_E 

SAVE  ABG7 

COMMENT - start  of  next  case  - 

CLEAR 

CO  ELEVATION  =  45.0  (degrees) 

CO  THETA  =  0.0  (degrees) 

CO  ZDIST  =  6.00  (ft) 

CO  YDIST  =  5.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 
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SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 

EDIT 

3.00  62.93 

5.00  37.02 

7.00  26.12 

9.00  19.88 

JE 

SAVE  ABG8 

COMMENT - start  of  next  case  - 

CLEAR 

CO  ELEVATION  =  45.0  (degrees) 

CO  THETA  =  0.0  (degrees) 

CO  ZDIST  =  6.00  (ft) 

CO  YDIST  =  10.00  (ft) 

SET  HORIZONTAL  TITLE  "Range  (ft)" 

SET  VERTICAL  TITLE  "Flux  cal/sqcm/sec" 

EDIT 

3.00  34.18 

5.00  29.40 

7.00  23.13 

9.00  18.09 

_E 

SAVE  ABG9 

- NOTE:  REST  OF  CASES  DELETED  FOR  THIS  REPORT 


5-3 


PATH  INPUT. 


! 

This  section  introduces  another  exonnple  of  FCTEE's  output.  The 
example  shown  here  can  be  read  by  people,  but  the  ABG  format  could  have  been 
selected  for  use  by  the  machine.  The  spatial  units  are  the  same  as  in  the 

!  earlier  examples.  This  example  is  different  in  that  the  "path  input"  option 

has  been  used  to  generate  it.  This  latter  option  allows  you  to  specify  a  path 
in  space,  instead  of  a  volume  of  regularily  spaced  points.  A  path  in  space  is 
I  selected  by  option  e  when  the  menu  in  Figure  I  is  on  the  screen.  When  the 

I  option  is  "YES",  the  associated  meanings  attached  to  the  initial  and  final 

[  positions  of  the  detector  change.  These  variables  (six  of  them)  specify  two 

end  points  of  a  line  segment.  With  the  exception  of  the  coordinate  that  is 

j  the  innermost  loop  coordinate  (see  Figure  15),  the  delta-coordinate  has  no 

effect  on  the  spacing  along  the  line  segment.  Only  the  inner  loop 

coordinate's  delta  controls  the  spacing. 


Pascal(l.l)  FC-TEE  Inverted  Cone  TRS  Estimator  (NO  Obscuration)  BSC(I7.8) 


Flame;  # 


0.000 

-4.500 

0.000 

0.00 

1.00 

0.000 

4.500 

0.000 

0.00 

1.00 

0.000 

-13.500 

0.000 

0.00 

1.00 

0.000 

13.500 

0.000 

0.00 

1.00 

Relative  Strength 
Absolute  Strength 
Flame  Diameter 
Flame  Height 
Luminosity  Limit 
"Power"  at  nozzle 
Ground  Albedo 


1.0 

I.53372E7  cal/sec 
9.0  ft. 

14.4  ft. 

1.0  (Rel  to  flame  hgt) 

25.0  (Rel  to  power  at  flame  hgt.) 

0.2 


<DIST 

YDIST 

Height 

Azimuth 

Elevation 

Flux 

ft.) 

(ft.) 

(ft.) 

(deg) 

(deg) 

(cal/sqcm/s 

3.00 

0.00 

6.00 

0.0 

0.0 

37.24 

5.00 

3.33 

6.67 

0.0 

0.0 

45.89 

7.00 

6.67 

7.33 

0.0 

0.0 

32.72 

9.00 

10.00 

8.00 

0.0 

0.0 

24.15 

3.00 

0.00 

6.00 

0.0 

45.0 

33.27 

5.00 

3.33 

6.67 

0.0 

45.0 

34.60 

7.00 

6.67 

7.33 

0.0 

45.0 

22.57 

9.00 

10.00 

8.00 

0.0 

45.0 

15.52 

SECTION  6 


follow. 


ANNOTATED  PHYSICS  LISTING 


This  section  presents  the  annotated  physics  listing.  The  listings 
The  language  used  is  Apple  Pascal  version  l.l. 


i 


I 

4 


JO 

o 

o 

4J 
O' 
»  u 
O  <0 
u  » 
0)  0) 
N  > 
>1  -H 

Xi  *i 
«  (0 
•O  O' 

•H  0) 

>  c 

•H  *J 

•O 

*  cr 

iH  01 
<M  > 
U 

0)  4J 
■O  IQ 

c  cn 
S  0) 

»  c 


^  X 

>i>i>i>iX‘x'‘X'-'^‘x'-'CJ 

^  2  2 
+  i«v.04  o  ec  X  m  <  o 

xzoomohk 

XXXXHJkJCOCOUX:^ 


iJ)  »J  tJ  »4 

^  ^  H  ^ 

Z  K  K  0<  •*  ••. 


^  |4  ^  Z  K 

^  ^  U  ^  ••  •• 

z  s  s  «  ^  ^ 

ih  ^  u 

«  S 

%  %  «  % 


§  §  I 


z 

H 

C3 

H 

H 

^3  *3  * 

1^  <  M 

H  H 

S  fls  •• 


•4  »4  >4 
<  <  < 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

VI 

VI 

Vi 

V 

kl 

u 

u 

VI 

Vi 

0) 

u 

VI 

0) 

O 

« 

01 

« 

01 

0) 

VI 

0) 

JJ 

0> 

0> 

c 

C 

•o 

J3 

iH 

> 

a 

0) 

o< 

u 

c 

«} 

n> 

3 

•o 

3 

3 

•H 

X 

c 

0 

O’ 

•H 

0 

■VI 

u 

<0 

n 

e 

*o 

« 

iH 

rH 

a 

(0 

u 

m 

■VI 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

i* 

H 

Eh 

Eh 

Eh 

Eh 

u 

o 

u 

o 

u 

u 

y 

y 

y 

y 

y 

y 

i 

g 

§ 

g 

g 

g 

g 

z 

D 

g 

z 

D 

z 

D 

z 

D 

lk< 

Iki 

h 

h 

Gu 

Bu 

Pm 

b 

h 

b 

r 


fourpi,  deg tor ad,  radtodeg,  albedo,  hgtacoeff,  hgtbcoeff:  REAL 
widthofbag,  heightofbag,  bestguessbag,  bagstcength:  REAL; 
xbag,  ybag,  zbag,  tbag,  sbag:  ARRAY [1. .maxnobags]  OF  REAL; 
nbags:  INTEGER; 


m 


'Si 

4 

1 


***.ii1 


ro 

10 

U  O 

o  < 

At  CO 
OI  (0 
0)  (0 
•a  H 
D 

V.  o 

e^ 

O  CO 

•  H 

rH  CQ 


(P  U 
«  > 

•U  < 
>0  h3 
<0  U 
>4  ffi 


o  — 


O' 

«0 

JQ 

<M 

o 

••  JS 
(M  JJ 

>  12 
M  % 

o 

I 


«  X 
r-  O 
H 
n 
r* 


a 

z 

D 

•'  Q 

(S  z 


9m 

m 

•% 

fH 
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<0 

o 

n 

r<i 

O' 

X3 

00 
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ro 

• 

h 

O 

iH 

o 

• 

• 

00 

O 

9m 

e 

• 

iH 

ro 

«« 

o 

X 

iH 

r* 

O 

• 

(0 

II 

CN 

• 

m 

6 

•H 

II 

•• 

It 

rH 

CM 

a 

•• 

U 

•• 

ro 

o 

O' 

•« 

• 

II 

n 

Eh 

It 

JS 

10 

O' 

o 

•• 

•« 

•• 

JJ 

Xi 

O' 

<0 

iH 

o> 

a 

10 

X3 

II 

lU 

44 

•o 

c 

m 

x> 

tM 

•• 

44 

44 

II 

II 

10 

4) 

0) 

•M 

0 

0) 

01 

•• 

•« 

kl 

k< 

3 

0 

4J 

0 

0 

0 

0 

^J 

o» 

xs 

JS 

•O 

u 

0 

01 

•H 

*> 

m 

4J 

4J 

O' 

01 

<0 

XI 

O' 

O' 

O' 

n 

•o 

•H 

jQ 

4J 

4J 

iO 

Z 

0) 

<0 

« 

iH 

01 

rH 

O' 

O' 

X) 

o 

•o 

J3 

JO 

> 

i3 

<0 

xs 

JS 

e 

04 

h 

O 

8  H 

Z 

(0  M 

o>  iJ 


^  o* 
+  «0 
•H  jQ 

w  4j 

o 

II  JC 

..  4i 

•o 


C7^  •% 

10  o 
A  • 
>1  H 
I 

II 

n  •• 


“  o» 

O'  <0 
<0  ja 
J3  n 
>1 


o  «  o 


O  •»“(  o 


Z  O 

u  • 

S  o 


•H  -H  -H 


O'  O'  O' 

(0  (0  <0 

J3  JO  Xi 

K  >1  N 


II  U 
^  (0 

ij 

2r  < 

Q  'H  b 

a  “ 

©O'  n 

<0  ** 
h  J3  •• 

M  .u  Q  JkC 
Z  U 
H  -H 
3 
O' 


Q 

u 

u 

o 

o 

n 

01 

0) 

0) 

•• 

r4 

r4 

fH 

o 

u 

o 

i3 

k4 

kl 

< 

•H 

•H 

•H 

H 

O 

u 

u 

06 

4= 

x: 

4= 

99 

4J 

44 

44 

eg 

1— 1 

f4 

r4 

•H 

>1 

0) 

0) 

0) 

JS 

JS 

JS 

Ik 

4J 

44 

44 

CM 

•H 

44 

44 

44 

0 

0 

0 

•k 

U 

kl 

0) 

0) 

•H 

44 

44 
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c 

0) 

0) 

o 

0 

H 

•H 

44 

44 

X 
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0 

01 

0) 

4J  4J 

to  10 


•o  -o 

kl  U  0) 

0  0  3 

O  O  -H 

O  O  *0 

<0 

X  >1  ki 
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SECTION  7 


RECOMMENDATIONS 

This  section  presents  our  recommendations  for  enhancing  the  FC-TEE 
hardware.  Based  on  a  brief  history  of  six  months  use  on  an  Apple  II+,  SEA 

would  recommend  that  DNA  upgrade  its  systems  with  a  Titan  Technologies 

Accelerator.  Unfortunately,  the  version  for  the  Apple  lie  is  not  yet 

available,  and  SEA  must  reserve  such  a  recommendation  until  such  time  we  have 
had  an  opportunity  to  test  the  new  version.  The  advantage  of  such  an  upgrade 
would  be  to  decrease  the  time  it  takes  to  perform  any  calculation.  The 

Accelerator  increases  the  speed  of  an  Apple  by  about  a  factor  of  3.5  for  FC- 

TEE.  A  3.6  MHz  version  of  the  6502  Is  on  board  the  Accelerator. 

Another  recommendation,  also  based  on  a  limited  use  of  six  months,  is 
the  installation  of  a  "RAM  disk”.  This  is  a  device  that  simulates  a  disk,  but 
stores  data  in  memory  instead  of  diskettes.  SEA  recommends  the  PION,  Inc. 

Interstellar  Drive  because  it  has  battery  backup  and  has  its  own  power  supply. 

Except  for  once  a  month  maintenance,  the  memory  will  always  be  retained, 

unless  power  is  removed  for  periods  greater  than  15  minutes. 
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178>  END;  {  sortbags  } 

179>  { - 

180>  PROCEDURE  modbag strength  (1:  INTEGER); 

181>  {  modify  strength  of  one  bag  for  this  pt 
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LIST  OF  IDENTIFIERS 
AND  THEIR  MEANINGS 
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APPENDIX  C 


DEFINITION  OF  ANGLE  -  VARIABLES 

The  next  two  figures  define  some  of  the  angles  described  in 
Appendices  A  and  B.  They  ore  inciuded  for  use  by  any  user  wishing  to  better 
understand  the  basis  for  the  equations  found  in  Appendix  A. 
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